Introduction
Many factors may influence the rate of digestion of starch, including the nature of the starch (1-4), the starch-protein interaction (5), and the presence of fiber and antinutrients such as lectins, phytates, and enzyme inhibitors (6, 7). Previous workers (5) estimated 10-20% of the starch in white wheat flour may be malabsorbed as judged by breath-hydrogen production.
Subsequent studies in ileostomates (8) and normal volunteers (9) intubated to the terminal ileum indicated that significant amounts of starch may indeed enter the colon. However, a finding of major interest in the original studies (5) 
Methods

In vitro digestion studies
Available-carbohydrate portions (2 g) of each of the breads were crumbed and added to 10 mL pooled fresh or boiled human saliva. Distilled water was added to make the final volume of all the foods up to 30 mL. Food and saliva were mixed and placed in dialysis bags made of 13-cm strips of dialysis tubing (width 4.5 cm, pore diameter 4.8 nm, and molecular weight cutoff 12 000; catalogue # 8-667E, Fischer Scientific, Toronto, Canada). Each bag was suspended in a separate, stirred water bath containing 800 mL distilled water at 37#{176}C. Aliquots (5 mL) of dialysate were taken at 1, 2, and 3 h for analysis of sugars. level over the 12-h period for the group was 19.2 ± 1.9 ppm; after bread alone the figure was 9.4 ± 1.7 ppm. This gave a mean breath H2 attributable to the lactulose alone of 9.8 ppm or 1.47 ppm for each gram of lactulose fermented in the colon. This conversion factor, applied to mean breath-H2 levels generated after the test food, was used to calculate the grams of carbohydrate malabsorbed. Subjects were allowed to consume lunch after the test breakfast.
Each volunteer ate the same foods for lunch on all test days. Table 1 shows the fat, protein, carbohydrate, and dietary fiber composition of these standard meals. Dinner was not standardized but was eaten at the same time of day, either 9 or 10 h after the breakfast.
Because ---6 h were required after food before significanthydrogen elevation was detected, it seemed unlikely that the hydrogen produced from dinner would influence samples collected within the 12-h experimental period.
Bread preparation
White bread was made from 334 g of commercial white flour (Red Rose all-purpose flour) plus 7 g fast-acting yeast, 5 g sugar, and 300 mL water. Dough was allowed to rise in a warm oven for 1 h and then was baked at 165#{176}C for 50-60 mm. One loaf contained five 50-g carbohydrate portions,
as calculated from food tables (15). Gluten-free bread was made from 278 g of gluten-free wheat starch (Charles lennant and Company Ltd, Toronto), 7 g fast-acting yeast, 5 g sugar, and 250 mL water. Bread was prepared in a similar fashion to the white bread.
Gluten-free bread plus gluten was made by adding 40 g of vital wheat-gluten powder (80.5% protein, Wheat pro-80, Industrial
Grain Products Ltd, Montreal, Canada) and an extra 75 mL water to the gluten-free bread mix. Results are expressed as means ± SEM. Significant differences between treatments were calculated using "Students" t test for paired data and analysis of variance and lukey's test when more than two treatments were compared. Table 3 shows the mean percentage of each sugar measured in the dialysate at 3 h for each bread. These values were similar for all three breads. On average, the glucose, maltose, and maltotriose proportions were 6.4%, 72.6%, and 2 1.0%, respectively.
Results
In vitro digestion studies
Blood-glucose studies
The mean starting blood-glucose levels for each of the bread meals were similar: white bread, 4.3 ± 0.1 mmol/L; gluten-free bread, 4.3 ± 0.1 mmol/L; and gluten-free bread plus gluten, 4.2 ± 0.1 mmol/L. Figure 1 shows the mean blood-glucose response following consumption of the three breads. Blood-glucose increments from 30 mm to 60 mm were significantly lower after white bread than after the other two breads.
The mean peak rise in blood glucose after white bread was 2.4 ± 0.2 mmol/L, which was 16.4 ± 6.4% (p <0.05) lower than that after glutenfree bread (3.0 + 0.2 mmol/L) and 15.3 + 5.4% (p <0.05) lower than that after glutenfree bread plus gluten (2.9 ± 0.20 mmol/L).
The mean blood-glucose area after white bread was 83 ± 6.5 mmol/L#{149}min', which was lower than that after gluten-free bread (107 ± 6.4 mmol/L. min', p <0.05) and also lower than that after gluten-free bread plus gluten (100 ± 7.6 mmol/Lmin', p <0.05). Since the blood-glucose responses to glutenfree bread and gluten-free bread plus gluten were not significantly different, mean values of the two were determined and compared with those of white bread. The blood-glucose increments 30-60 mm after white bread were significantly lower (p <0.05) than the mean increment after the other two breads. The peak rise in blood glucose for white bread was 16.0 ± 5.7% (p <0.05) lower than that of the mean of the other two breads (2.9 ± 0.2 mmol/L). The mean area under the blood-glucose curve for white bread was 18.8 ± 5.5% (p <0.02) lower than that of the mean of the other two breads (103 ± 6.5 mmol/L' min'). Figure 2 shows the mean breath-hydrogen concentration after consumption of the three breads. The mean breath-hydrogen level peaked for white bread at 11 h (18.6 ± 5.6 ppm); it peaked for gluten-free and gluten-free bread plus gluten at 12 (7.3 ± 1.5 ppm) and 11 h (9.3 ± 1.1 ppm), respectively.
Breath-hydrogen studies
Unlike lactulose, after which increases in H2 evolution were seen in the first hour, the mean H2 level fell over the first 5 h after all the breads. If the 6-12-h period is therefore taken as representing H2 evolution after the breads, the mean H2 level after white bread (13.4 ± 1.9 ppm) was significantly higher than those after glutenfree bread (5.2 ± 0.7 ppm, p <0.0001) and gluten-free bread plus gluten (6.4 ± 0.8 ppm, p < 0.001).
When the conversion factor derived from the breath-H2 levels generated after lactulose was applied to the overall mean breath-H2 levels for the breads, the percentage carbohydrate malabsorbed after white bread was '--14%; after gluten-free bread, '--7%; and after gluten-free bread plus gluten, '--9%.
Discussion
Our studies confirm a previous report that less carbohydrate was malabsorbed from breads made from flours in which the natural starch-protein interaction had been disrupted (4). 
